Ligand Parameters
The structures for Bromocyclohexane, CDA, and CDB with PDB atom names are shown in Figure   S1 . The atom types and partial charges for each atom are listed in Tables S1 -S3. S2 Table S 1: GAFF Atom types and partial charges for Bromocyclohexane (see Figure S1a ). Table S 2: GAFF Atom types and partial charges for CDA (see Figure S1b ).
Atom Name Atom Type Partial Charge Atom Name Atom Type Partial Charge C20 ca 0. Table S 3: GAFF Atom types and partial charges for CDB (see Figure S1c ).
Atom Name Atom Type Partial Charge Atom Name Atom Type Partial Charge C20 ca 0. 
Potential of Mean Force
As described in the main text, Umbrella Sampling calculations were used to construct the potential of mean force (pmf) along the reaction coordinates for the BRC transformations studied. The results are shown in Figure S2 . 
Figure S 2: Potential of mean force calculated for the initial and final states of the BRC transformations studied. Vertical lines separate the major conformations, which are labeled as A, B, or C. A corresponds to the equatorial conformation and B corresponds to the axial conformation. The percentages indicate the equilibrium populations predicted using the pmf. These populations were used as the reference values in the main text. Values represent averages over four independent trials, and errors were propagated using eq. 13 in the main text.
Additional Simulations
In addition to the simulations described in the main text, we explored different parameters for the AcclAIM method. For the BRC transformations, we looked at the effect of scaling different terms of the potential energy. This included the dihedrals (D), the 1-4 van der Waals and 1-4 electrostatic interactions (4), which are the interactions between atoms connected by three bonds, as well as the short-range non-bonded van der Waals and electrostatic interactions (N), which are between S6 atoms not bonded to each other but within the short-range cutoff. The results are similar to those described in the main text, which scaled the D4N terms together.
BRC Self Transformation
The free energy and fractional populations are shown in Figures S3 and S4 . These results show that for the BRC self transformation, scaling only the dihedral terms (D) is sufficient to obtain a free energy that converges to 0 kcal mol . Scaling additional terms seems to increase the uncertainty by a small amount, but does not affect overall convergence. The results from the AIM simulation run with the original MC1 biasing factor look very similar to those from the MC2 biasing factor, indicating that the MC2 biasing factor produces equivalent results when moves between λ values is not difficult. For the D and 4 terms the greatest scaling was α = 0 while for the N terms the greatest scaling was α = 0.1. 
BRC Charge Transformation
The free energy and fractional populations are shown in Figures S5 and S6 . Once again, the results for the different scaling factors look very similar to each other. Also, the results for the AIM S9 simulations run with MC1 match those from the AIM simulations run with MC2. 
Thrombin Transformation
For the Thrombin Transformation, we kept scaling the D4N terms, but decided to explore different scaling factors. Simulations were run with the scaling scaling factor α = 0.25, 0.16816, and 0.05.
S11
The results are shown in Figures S7 and S8 . Increasing the scaling factor helps improve convergence of the populations, but the free energies converge to within error for all of the AcclAIM simulations. 
